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Abstract. Climate change is a universal challenge. The escalating cases of
extreme weather conditions worldwide, such as forest fires, drought, and intense
rains, remind us of the increasing danger to our survival. The Conference of
Parties (COP) 21 identified a maximum global warming limit of 1.5 degrees
Celsius. Although there has been a considerable rise in efforts to curb climate
change, we have surpassed the set limit. This places humans in an unanticipated
dilemma and calls for seizing new possibilities for immediate actions to counter
climate change. The tremendous developments in Artificial Intelligence (Al)
carry enormous promise. Al’s role in accelerating decision-making to address
climate change will be examined in this paper. The role of Al can be described
as being one of an amplifier because it enables pattern recognition, predictive
problem solving, and optimization of complex systems. In addition, Al has the
capacity to coordinate, with the level of precision and at a larger scale, which is
not currently available in efforts to address climate change. Al is fast becoming
a part of sectors vital for environmental sustainability, giving individuals the
ability to transform their practices from reactive environmental management to
proactive sustainability.

Keywords: Artificial Intelligence (Al), Climate Change Mitigation,
Sustainability Solutions, Predictive Environmental Analytics.

1. Introduction

The problem of climate change is considered one of the biggest issues in the
contemporary world, and it is characterized by the occurrence of various natural
catastrophes such as drought, flooding, and forest fires that pose serious threats to
ecosystems and economies. Although different international treaties have been signed
to address this problem, for example, the Paris Agreement, the growth of temperatures
on Earth remains beyond critical levels, which makes it necessary to implement new
and innovative solutions. The use of Al technology may serve as an effective response
to these challenges [1].

This research employs a purposive sampling methodology to explore high-impact
uses of Al in sustainability sectors, which include renewable energy technology, smart
grid technology, and urbanization. The use of these sectors helps determine how
artificial intelligence enhances predictive modeling, efficient resource utilization, and
effective policy-making through data analysis. While exploring the role of Al in
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sustainability sectors, the research highlights some of the barriers to implementing Al,
which include the lack of data integration, high energy needs, and inadequate regulatory
frameworks.

As pointed out by the study, although artificial intelligence has a lot of promise in
terms of accelerating the transition towards sustainability, its success would be
contingent upon the formulation of effective policies. The aspects of transparency,
accountability, energy efficiency, and governance would need to be considered while
developing a framework for using Al effectively. It is in this context that the study
recommends that Al should be harnessed through certain regulatory paths, especially
in the context of national Al ecosystems like that of India.

The “existing literature shows that artificial intelligence contributes greatly to the
accuracy of renewable energy forecasting, smart grid optimization, and climate change
policies. But challenges still remain in terms of regulation, interpretability, and
sustainable Al infrastructure, issues which this paper will explore further.”

2. Conceptual Foundations of Al in Sustainability

2.1. Alin Solar Energy Systems

Artificial Intelligence (AI) has a wide range of applications in solar photovoltaic (PV)
systems due to the natural fluctuations in the solar energy available. Artificial Neural
Networks (ANN) and Support Vector Machines (SVM) have been used to accurately
predict the radiation from the sun, as well as predict PV power generation, and map
performance [2]. ANN has the ability to model nonlinear relationships, hence it can be
effectively used to estimate power generation on hourly and daily bases based on
various weather parameters, such as temperature and humidity. Convolutional Neural
Networks (CNN) enhances the ability to predict the energy produced by solar panels by
analyzing satellite images and detecting patterns in the movement of clouds.
Convolutional Neural Network models are especially well-suited for solar forecasting
since they can handle spatial information such as satellite imagery and cloud
formations, while Long Short Term Memory models are more suitable for wind energy
forecasting since they excel in handling temporal relationships in wind data. Long
Short-Term Memory (LSTM) networks, being sequential models, have been used to
predict PV output for more than an hour by identifying trends related to seasons and
weather changes. Genetic Algorithms (GA) and Particle Swarm Optimization (PSO)
algorithms are applied to size PV systems, optimize tilt angles, design PV-battery
hybrid systems, and minimize losses [2]. The fuzzy logic controller controls the inverter
configuration effectively and manages the voltage fluctuation while working. Predictive
maintenance solutions, based on Al, detect issues like degradation of the module,
hotspot formation, dust accumulation, and inverter issues using image recognition [3].
2.2. Alin Wind Energy Systems

Variable atmospheric parameters associated with wind energy require the need for the
use of Al. Some of the Al algorithms used in prediction include Artificial Neural
Networks (ANN) and Random Forest (RF) algorithms. LSTM algorithms have been
proved to provide reliable predictions both short and long term based on analysis of
wind speed information. This is due to the temporal dependencies of the wind which
makes it suitable for sequence models than spatial models. Predictive analytics will
enable the company to schedule its power generation to minimize curtailments. One
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way that is used to increase the output from the turbines through reinforcement learning
involves varying blade pitch, yaw, and rotational speeds of the turbines. These actions
will enable the turbine blades to capture maximum energy while minimizing the stresses
on the blades [4].

2.3. Al in Smart Grids and Energy Managements

The use of Al technology in creating a smart grid is very important because of the
benefits that come with automating processes, improving decision-making, stability,
and efficiency in operations of the power system. Machine learning and optimization
allow predicting the amount of demand, prices, integration of renewable energy sources
and distributed energy resources. The biggest advantage of using Al in building smart
grids is related to the capability of Al technologies to predict non-linear processes in
relation to electricity consumption and production. Many different neural network
technologies like ANNs, LSTMs, and hybrid methods have been used extensively for
predicting electricity load within short terms of time [5].

2.4. Alin Urban Planning and Transportation

There is a growing application of Al in urban planning and transportation systems. The
need for Al to aid in data analysis, scenario building, and decision-making across the
entire planning process is recognized. Al-based systems monitor traffic volume,
forecast traffic flow, and re-route traffic where necessary, leading to higher system
efficiencies. Besides traffic, other applications of Al include planning through five
different categories of systems, namely analytical, functional, textual, visual, and
interactive Al

The Analytical Al is used in the early stage to conduct thorough spatial analysis,
microclimate simulation, and land use scenarios by applying machine learning,
Generative Adversarial Networks, or digital twins. The Functional Al assists in the
formal planning process through digital participation tools, supporting keywording,
anonymization, and classification of public comments. The Textual Al speeds up
citizen feedback assessment and planning document drafting, while Visual Al creates
planning alternatives and spatial visualization to be used in participatory events.
Chatbots fall under the Interactive Al and assist in communication and providing timely
information during the engagement process. Despite the benefits of using Al, the paper
stresses the need to make planning decisions based on human reasoning, democracy,
and ethics [6].

3. Opportunities of Al in Sustainability:

As far as the finding of this study go, it seems like there is a clear indication that while
the use of Al technology can greatly contribute to the increase in efficiency and
sustainability of industries, it is through integration that its real transformational
potential lies. One thing that comes out clearly in this study is that industries such as
energy systems adapt the use of Al technology at a much faster rate compared to other
industries, like urban development, that take long to integrate because of data-related
challenges.
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Table 1. Opportunities of Al in Sustainability
Renewable Smart grids and Transportation
energy (Solar & | energy management and urban
Wind) planning

Enhan Al enables Traditional grids lose Traditional
cing accurate forecasting | efficiency due to static | planning  doesn’t
energy and optimised | demand response and | account for EV
efficienc | despatch of solar and | poor load forecasting, | charging demand,
y and | wind power, reducing | while Al enables | causing grid stress.
reducing | variable losses and | dynamic, demand-based | Al can compensate
carbon minimising  carbon | optimisation that | for this lapse by
footprint | emissions  [9],[10], | enhances grid flexibility | forecasting

[11]. and reduces energy | charging patterns,
In the wind energy wastage [13]. peak . loads, and
. enabling smart
sector, Al-driven Renewable energy .
e . o . routing and
predictive  analytics | output is highly variable, d . -
: 2 ynamic pricing to
enable early fault | so integrating it into the
. . prevent  overload
detection and | main power  supply
. . . and energy waste.
proactive requires efficiency to
maintenance, minimise energy waste
reducing downtime | and ensure  optimal
and maximising | utilisation of generated
energy power [14].
generation.[12].

Impro Al-based Al  automates the Urban planners
ving the | algorithms optimise | aggregation, scheduling, | often rely on static
resource | distributed renewable | and despatch of | data for EV charger
allocatio | energy systems by | decentralised energy | siting, leading to
n and | coordinating real- | sources based on | financial losses and
manage time generation, | demand, improving grid | energy waste,
ment storage, distribution, | stability, reducing | whereas Al models

demand, and grid | operational costs, and | use dynamic data
contribution, ensuring | enhancing asset | ranging from grid
balanced supply, | utilisation [15]. load, traffic,
refiqcefi costs, and Al-enabled smart vehicle movemegt,
minimised  energy . and economic
meters and infrastructure
losses [11]. factors to
empower the recommend

Al enables | stakeholders to monitor optimal  charein

automation and self- | and deploy optimal Ui gmng
.. . . locations [17].

organising control in | resources to increase the
large solar and wind | utilisation of both supply
farms by aligning | and demand side assets
local and system- | [16].
level objectives,
improving energy
production and
distribution while
reducing operational
complexity [12].

Enabli Al systems Existing methods of Urban Planning
ng data- | provide real-time data | energy management fall | and policy
driven on weather, | short on  actionable | recommendations
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decision- | generation, demand, | feedback. Al-based | often lack real-time
making and operations, | models provide real-time | dynamic feedback
for delivering actionable | analytics, share real-time | on the impact of
sustainab | insights to  farm | data  with Discom | external factors and
ility operators, investors, | operators and consumers | changing user
and regulators for | to  improve  energy | behaviour. Al

better market and | scheduling, and thereby | capable of

policy decisions [10]. | support sustainability | combining all the

goals. data from

Multisource data

. . . ti
fusion is possible by ogzzxsns, isrig
the AI models to help p ’

. regulatory
policymakers  plan mandates is

new  site  projects, uniquely placed to

conduct risk .
suggest  effective
assessment, and .
; and sustainable
develop investment .
strategies.

plans that maximise
the sustainable
impact. [9], [2].

4. Challenges of Al in sustainability

Despite the opportunities explained earlier, the adoption of Al in sustainability faces
major challenges across the sector. These are addressed into four key challenges areas:
4.1. Challenges on Data Availability and quality

The performance and reliability of these models, when applied to different
applications, are largely contingent upon the quality of data that have been utilized in
developing and testing them. Academics, along with other stakeholders, are unable to
do so owing to the scarcity of publicly available data sets that could help them perform
broader analyses. This problem has many underlying factors, including the absence of
any legal obligation to share data generated from government-sponsored initiatives,
inadequate incentives for data providers, reluctance on the part of data owners to share
their data, and ambiguity regarding the party responsible for data management [18].
This lack of data impacts many crucial fields such as:

. Insufficiency and inconsistency of data about solar, wind, and hydro energy
generation, in conjunction with sparse fault data from turbine generators and
hydroelectric power stations, explain the low precision of renewable energy prediction
models.

. Prediction of solar photovoltaic power generation depends on high-frequency
time series data, which may be incomplete and erroneous, hence requiring extensive
data cleansing procedures [19].

. Smart city development depends on good quality data sources like accurate
geographical coordinates, street view images, building features, traffic flows, and
drainage systems. Urban data sources often suffer from numerous errors including bias
and incompleteness, particularly in impoverished or underdeveloped regions [20].
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4.2. Challenges on Computing Infrastructure

One of the major challenges is the lack of access to essential computing tools to develop
Al models and solutions in different areas of sustainability. The key factors that make
this problem particularly evident include:

. As it was mentioned by Cowls [24], one of the major problems here is the
development and implementation of large language models (LLMs), along with the
development of Al-driven control and optimization systems. Such models require high
computing capacity and a significant number of investments to be developed. In
addition, they consume an enormous amount of electricity. This also highlights the
‘rebound effect,” according to which the higher use of Al technologies, especially the
GPU training through the program like India AI, may negate any sustainability benefits
due to high energy usage. Hence, there is a need for ‘Green AI’ regulations that ensure
energy efficiency, carbon-conscious computing, and mandatory environmental impact
reporting.

. Small firms and communities cannot afford access to such advanced
technologies as robotics, computer vision, and IoT sensors — the three main factors
required for implementing circular economy and waste management systems.

. According to the researchers Paiva [22], application of Al in urban planning
requires access to communication channels with high-speed connections, top-quality
satellite images, and powerful infrastructure for data processing, something that is
lacking in most companies and organizations.

4.3. Challenges on Policy and regulatory framework

Implementation of Al technologies in various sectors is encountering some difficulties
because current regulations and policies are failing to provide guidance on how privacy
protection, accountability, and punishment should be enforced in cases of breach. As
explained by Ojadi, Smart Grid systems normally operate without sufficient regulation
in key functions such as automatic control, load control, system protection, and
cybersecurity.

It is also true that there are no cohesive regulatory standards or cybersecurity
guidelines for intelligent power grid networks. There are many security challenges
faced by these intelligent power grids, such as cyber-attacks, tampering with data,
malware infections, or system hijackings, leading to power failures and economic loss.
The need to solve these weaknesses lies in regular audits, secure design, and proper
policy making [23].

Questions related to the issues of transparency and explainability of Al systems have
always been important. Due to their complicated nature, the processes occurring within
Al models are described as "black boxes," and thus are hardly understandable or
explainable, hence, lack credibility. The formation of uniform approaches aimed at
increasing transparency and reliability of decision-making processes becomes crucial
for this purpose [24]. It is also worth mentioning that climate governance is affected by
the absence of mandatory requirements for reporting about energy consumption and
environmental impact made by the Al models.

It also generates what is known as the “rebound effect,” whereby the increased use
of AI technologies, especially through the extensive use of GPUs in efforts such as
India Al Mission, may end up reversing sustainability benefits unless controlled using
Green Al protocols.

387



388

D. Sharma et al.
5. Policy and Regulatory Framework

In regard to cross-border application of Al technology, where the Al machine is situated
in one country such as America (Classes A & B), but its application is performed using
data from another country, India (Class C), then coordination of the regulatory
framework will be important. Such a framework should incorporate the issues of data
sovereignty, legal jurisdiction, and conflicts of laws. This could be achieved through
bilateral agreements, harmonization of compliance standards, and adoption of the
substantial effects test in the exercise of legal jurisdiction. In this way, the national
treatment concept will not undermine local authority in regulating Al

The global debate and concerns related to discrimination, misinformation, and
security issues have played an important role in shaping India’s approach towards Al
governance. While the EU has adopted stringent regulatory measures and China has
opted for a highly centralized system, India has preferred to adopt a “risk-aware
innovation-friendly” policy framework [25].
5.1. India’s AI Mission

The Union Cabinet has given approval for the India Al Mission with an investment of
210,300 crore. This mission is considered to be India's most ambitious project with the
aim of building India into a world-class Al hub that is not only national but also
international [27]. It seeks to enhance India's Al prowess over the next five years via a
joint public-private partnership. The Mission has identified various critical areas such
as computing facilities, data assets, R&D capacities, talent acquisition, startup
activities, and security arrangements. One of the key game-changing missions that are
planned to be launched in India is the India AI Compute Capacity, which will involve
installing more than 10,000 GPUs to create world-class Al infrastructures [27].

The Mission aims at enhancing the India Al Startup Financing structure to enhance
financing opportunities for budding startups and promote socially responsible Al
innovations from the industry sector. This is reinforced by setting up the India Al
Innovation Center (IAIC), which acts as a prominent research center aimed at
developing basic Al models, specifically LMMs and domain-specific applications.

To solve the problem of lack of development in terms of data infrastructure, the India
Al Mission has India AI Datasets Platform which aims at improving the quality and
usability of government datasets available for researchers and administration. On the
other hand, the idea of India AI Future Skills program involves expanding the range of
universities offering studies in Al as well as opening Data and Al labs in both large
cities and small towns in India. Hence, the India Al Mission seeks at ensuring India's
technological autonomy, building research capacity, using Al responsibly, and sharing
the benefits of Al with diverse communities. Therefore, India does not appear as an
adopter of innovations created in other countries but rather as a new leader that shapes
the next wave of Al developments.

5.2. India AI Mission (Governance Document):

The India AI Guidelines represent the principal policy framework that drives the growth
of Al in India. The uniqueness of these guidelines is in the fact that they reflect the
characteristics of India including its vast territory, cultural variety, and rapid digital
advancement. They were created in connection with the initiative called India Al
Mission initiated by the Ministry of Electronics & IT.

The development of this framework comes after a commitment of the Indian
government to have a regulated Al institutional framework in 2023. Following such a
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commitment, the subcommittee for the governance of Al was organized in the office of
the Principal Scientific Adviser (PSA). The subcommittee consulted extensively among
the Indian people, receiving over 2,500 responses. Finally, the Drafting Committee of
specialists and practitioners in Al policy crafted this guideline following their
recommendations.

Essentially, the guidelines help in making recommendations for aspects that are
important in the use of Al systems. They include the management of data, algorithmic
transparency, safety testing, risks associated with generative Al, human-in-the-loop
approach, and appeals procedures. It also stresses the importance of collaboration
among different stakeholders in developing an ethical Al system in India.

5.3. The Department of Science and Technology (DST):

The Department of Science and Technology (DST) is one of the key players in
developing an Al environment in India because it supports Al research through
programs such as the Center of Excellence (CoE) and National Centre for Skilling. The
organization invests time and effort in developing Al applications that can help solve
some of the critical problems faced in society, such as healthcare, agriculture, and
education. Additionally, DST contributes to the development of assistive technologies
and other programs, including the Cognitive Science Research Initiative (CSRI).

6. Recommendations

The application of Al technology offers great possibilities to India to accelerate its
climate action agenda in relation to energy, infrastructure, and cities. While national-
level policies adopt a positive outlook, it is now essential that the existing regulatory
framework become more integrated and coordinated to achieve AI’s full potential in
sustainability.

6.1. Develop a Coherent Framework for AI Governance

Craft an overarching governance strategy for Al at the national level to prevent
piecemeal regulation and achieve uniformity in standards of fairness, transparency,
accountability, and safety in all domains, including sustainability infrastructure and
identify gaps in current regulation in light of emerging Al threats and risks, especially
in key areas where there are deficiencies in automation, cybersecurity, and safety
protocols.

6.2. Update Data and Intellectual Property Systems

Amend laws on copyright and data to help train AI models, but maintain IP rights to
allow Indian businesses to create their own competitive models, like native Large
Language Models (LLMs), streamline local data requirements to minimize
fragmentation, alleviate implementation difficulties, and diversify the data sets and
make cross-border data transfers possible to facilitate advanced model creation and
hasten transfer learning for climate-based solutions.

6.3. Ensure that Al is Sustainably, Securely, and Trustworthily Deployed

Establish carbon footprint reporting requirements for Al models with standard measures
of their performance, secure cybersecurity standards, such as encryption, cyber-
physical security, and regular audits and also compel the adoption of explainable
artificial intelligence (XAI) standards in critical infrastructure (for example, smart
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grids), ensuring auditability and accountability for algorithmic decision-making

processes, and mandatory human-in-the-loop oversight.
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